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ABSTRACT
DESCRIPTION, DIVERSITY, AND PHYLOGEOGRAPHY OF THE NORTH
AMERICAN SPIDER BEETLE (COLEOPTERA: PTINIDAE) GENUS
COLEOTESTUDO
A new genus, Coleotestudo, is proposed for the American species currently
placed in the genus Niptus LeConte and are transferred herein. Two new species from
Mexico are also described as C. potosi n. sp. and C. nahua n. sp. Distinguishing
morphological characteristics for the North American Coleotestudo species are given.
The combined set of morphological evidence, DNA sequence data, and a Western New
World distribution strongly support the hypothesis that Coleotestudo does not share a
recent common ancestor with N. hololeucus and both represent unrelated clades of spider
beetles.
During the summer of 2021, Coleotestudo was collected mainly from caves and
the burrows and nests of vertebrates across most of their known distribution within the
United States. Two mitochondrial genes (CO1, 16S) and one nuclear gene (28S) were
amplified and sequenced from specimens from each locality. Phylogenetic trees were
constructed via Bayesian and maximum parsimony analyses, and 13 distinct lineages
were identified using both phylogenetic molecular and, in most cases, morphological
data.
Four new species are described for the recently described genus Coleotestudo
Chambliss and Philips. The newly described species are Coleotestudo eagari,
Coleotestudo jackeri, Coleotestudo microtexanum, and Coleotestudo taos. Models
iii

produced using the Generalized Mixed Coalescent Method (GMYC) with DNA
fragments for Coleotestudo show strong support of three independent lineages for species
delimitation among populations within a subclade of Coleotestudo.
Ecological niche modeling was used to estimate distribution patterns of
Coleotestudo taxa during the Last Glacial Maximum (21 Ka) and the late Pliocene (3.2
Ma) based on paleoclimatic data, revealing possible avenues for speciation and
diversification within the genus. The historical distribution of the currently sympatric
Coleotestudo giuliani and C. ventriculus, sensu lato estimated by ENM shows the
isolation of each species to different desert glacial refugia during the Pleistocene and late
Pliocene.
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Chapter 1: A new genus of spider beetle (Coleoptera: Ptinidae) for North American Niptus
and two new species from Mexico.

Abstract
A new genus, Coleotestudo, is proposed for the American species currently placed in the
genus Niptus LeConte and are transferred herein. Those species with new status include C.
ventriculus LeConte, C. guiliani Aalbu and Andrews, C. sleeperi Aalbu and Andrews, C. abditus
Brown, C. arcanus Aalbu and Andrews, C. neotomae Aalbu and Andrews, C. absconditus
Spilman, and C. abstrusus Spilman. Two new species from Mexico are also described as C.
potosi n. sp. and C. nahua n. sp. Distinguishing morphological characteristics for the North
American Coleotestudo species are given. The single Old World European species, Niptus
hololeucus Falderman, has priority for the generic name. The combined set of morphological
evidence, DNA sequence data, and a Western New World distribution strongly support the
hypothesis that Coleotestudo does not share a recent common ancestor with N. hololeucus and
both represent unrelated clades of spider beetles.
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Introduction
The Ptininae are a subfamily of small beetles commonly known as spider beetles. Spider
beetles have a high degree of morphological adaptation for xeric climates, where they appear to
be the most diverse (Philips 2000). Deserts are typically characterized by low moisture
availability and temperature extremes, so desert beetles have developed morphological and
behavioral adaptations for water conservation and thermoregulation (Cloudlsey-Thompson
2001). Common adaptations for desert life in spider beetles include winglessness, hirsuteness,
and a globular body shape (Philips 2000).
The genus Niptus was described by Boieldieu in 1856 with Niptus hololeucus as the type
species. Several additional species have been described within the genus, though most have been
shifted into different genera (Table 3). Genera containing former Niptus species include
Pseudeurostus Heyden, 1906, Epauloecus Mulsant & Rey, and Niptodes Reitter 1884. The
current taxa included in the genus Niptus contains European, North American, and South
American species; however, morphological and molecular data indicate that all of these spatially
separated groups within each continent are not closely phylogenetically related (i.e., no recent
common ancestor) and should be allocated into separate genera (Philips 2000, Whorral 2020).
In this paper we describe the new ptinine genus Coleotestudo, containing eight species
formerly ascribed to Niptus that are transferred herein as well as two novel species from
Northern Mexico. We will also discuss a set of key morphological features shared by
Coleotestudo species that distinguishes the genus from all other ptinine taxa.
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Materials and Methods
This study was based on the examination of approximately 800 specimens from the
following collections: California Academy of Sciences (CASC), Jean-Bernard Huchet
Collection (JBHC), Missisippi State University Collection, Orma J. Smith museum, Texas A&M
University Collection, Florida State Collection of Arthropods, and the T. Keith Philips
Collection (TKPC).

Results
Coleotestudo Chambliss and Philips 2021, new genus
Type species. Niptus ventriculus LeConte 1859
The genus Coleotestudo can be distinguished from other genera of Ptininae by the following
characteristics: Reddish brown color with a rounded body, elytra with distinct puncture rows,
setae along and between puncture rows; prothorax not quite ½ as wide as elytra, distinctly
constricted and narrowest at basal ¼, widest at middle; fourth visible abdominal sternite less than
one-half length of third; frons narrow and flat between antennal fossae; pronotum with distinct
transverse row of four tufts of setae; 11 antennal segments; length below 4 mm. Numerous
differences in mouthparts and other selected sclerites (Table 1) also distinguish Coleotestudo and
Niptus from each other.
Description. Body: Length approximately 3 to 4 mm, ovoid, convex, elytra relatively short and
round, dorsal surface covered by sparse to dense recumbent or appressed erect setae.
Head: Hidden under pronotum in dorsal view. Eyes variable in size, ovoid, convex ommatidial
surface, antennal fossae dorso-laterally smoothly rounded to distinctly carinate, flat with no
3

carinate border between antennal fossae; interantennal space moderately broad, width
approximately ¼ the length of 1st antennomere, antennae approximately as long as maximum
length of elytra. 11 antennomeres, 4-10 relatively stout, approximately 50% longer than wide,
second antennomere inserted off center of scape near lateral edge.
Pronotum: Round, approximately as long as wide in dorsal view, truncate towards posterior
margin; distinct transverse row of four tufts of setae; covered in moderate to dense filiform or
spatulate setae.
Elytra: Broadly ovoid, convex, fused along suture; surface with moderately sparse,
erect/suberect setae aligned longitudinally between puncture rows and recumbent or appressed
setae either aligned or more scattered along and/or between puncture rows; punctures present,
aligned in longitudinal rows.
Abdominal ventrites: Ventrites broad, ~ ¾ total width of body measured at/opposite ventrite
base, all sutures visible, Metaventrite at middle extends posteriorly about ½ the length of the first
abdominal ventrite, ventrites 1-3 of equal length, most laterally broad at 2nd ventrite; 4th ventrite
much shorter than other ventrites, approximately 1/5 to half the length of 3rd ventrite; 5th ventrite
tapered to broad point, slightly longer than each of ventrites 1-3.
Legs: Variable length, femora widest close to apex; tibia of equal width throughout; respective
femora and tibia approximately equal length, meta-tibia and meta-femora longer than pro- and
meso-tibia and femora; tarsomeres 2-4 circa as wide as long, 5th slightly longer than 1st and both
longer than 2-4; pro-, meso-, and meta-coxae approximately rounded, similar size, not fused with
ventrites.
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Distribution: Coleotestudo is well-documented from arid and semi-arid regions in the western
United States as far north as southern Wyoming, west to coastal California, east to central
Oklahoma and Texas, through Mexico, and even as far south as Guatemala as reported in
Blackwelder (1945).
Etymology. Named via a combination of the Greek for tortoise and with the beetle ordinal name
due to its rounded ovoid elytra like that of the desert tortoise’s carapace.
Former Niptus species: Species of Coleotestudo previously placed in the genus Niptus are listed
in Table 2.
Coleotestudo potosi Chambliss and Philips, new species
Diagnosis: The dark brown body color, the pronotum with very faint or absent medial setal tufts
and the lateral tufts distinct, lack of erect elytral setae, and scattered patches of white setae on
Description: Integument very dark brown to black, elytra shiny, body covered with yellow and
white setae, body 3.2 mm in length
Head: Vertex and genae with appressed white setae, longer and somewhat curved on clypeus;
moderately dense, integument visible below. Eyes oval, dimensions 0.09mm x 0.12mm, 10 by 12
ommatidia. Antennae with similar setae to that on head; fossae with dorsal border not carinate
and not laterally elevated.
Pronotum: Covered by recumbent/oppressed curled yellow setae, medium density. 2
dorsolateral tuffs of setae near mid length; medial tufts absent or at most a vestige.
Elytra: Surface shiny and smooth, strial punctures round, ~0.02 mm in diameter, arranged in
very irregular lines, separated longitudinally by about 1-1.5 times their length. 2 types of
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recumbent/appressed setae: scattered reddish brown, slightly longer setae, and shorter white
setae in scattered relatively dense patches. No erect setae.
Ventral surface: Ratio of ventrite lengths 1st to 5th 12: 16: 14: 4: 14; ventrites 1-3 have a low
density of evenly spaced, recumbent light yellowish setae, 4 and 5 with appressed shorter setae
of equal thickness, plus extremely fine recumbent setae of similar length and short, stout,
yellowish setae.
Legs: Short, covered in dense recumbent yellow-white setae mainly obscuring surface;
metafemur: metatibia ratio 74:87; in lateral view metafemur at basal ½ narrow and
approximately parallel sided, at middle abruptly expanded and approximately parallel sided
through distal half; metatibia with recumbent very slender setae expanded at the tip, dense ring
of more robust, non-expanded recumbent setae at apex of tibia; metatarsus: Tarsomere ratio
length 1st to 5th 9:4:4:4:8; recumbent slender setae expanded at the tip resembling to those on
tibia.
Variation: Three individuals in the type series are light brown to brown and are likely teneral.
Materials studied: 12 individuals (1 holotype, 11 paratypes) from MEXICO. NUEVO LEON:
Cerro Potosi, E slope, 11,000 ft elevation, V. J. Tipton (collector).
Notes: Coleotestudo potosi is described from specimens collected by V. J. Tipton on Cerro
Potosi, a mountain in the Sierra Madre Oriental of Northeastern Mexico. Specimens were
collected at an elevation of 11,000 feet, the greatest elevation for a documented Coleotestudo
population. Cerro Potosi has a high topographic prominence (1875 meters) so high elevation
habitats on the mountain are isolated from high elevation habitats elsewhere in the mountain
range. This isolation likely caused the speciation of several species endemic to Cerro Potosi
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(Beaman and Anderson 1966), and may have caused the speciation of C. potosi. More sampling
in the region including areas on nearby mountains with habitat like that of Cerro Potosi is
necessary to ascertain the level of endemism for C. potosi.

Coleotestudo nahua Chambliss and Philips, new species
Diagnosis: The elongate elytra relative to other Coleotestudo species, 4th ventrite approximately
half the width of the 3rd ventrite, and antennal fossae without carinate frons distinguish C. potosi
from other known Coleotestudo species.
Description: Integument very dark brown on elytra, dull red on head and pronotum; body
covered with light yellow setae, body
Head: Vertex, genae, and clypeus covered with appressed short light-yellow filiform setae,
moderately dense with integument visible below, and some longer, darker setae on clypeus; eyes
oval, large, 5 by 10 ommatidia; antennae similarly setose to clypeus; fossae with dorsal border
not carinate and not laterally elevated.
Pronotum: Covered by fine recumbent curled yellow setae, medium density; 4 dorsal tufts well
developed, lateral tufts slightly larger; row of long, suberect setae along dorsal anterior margin.
Elytra: Surface rough and shiny; strial punctures deep, space between each puncture
approximately double the width of the punctures; rows of erect setae of subequal length between
rows of strial punctures; rows of shorter, suberect setae associated with strial punctures as well as
between rows of strial punctures.
Ventral surface: Ratio of ventrite lengths 1st to 5th: 36: 12: 18: 21: 25; entire ventral surface
obscured by filiform, yellow setae.
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Legs: Short, covered in dense, short, filiform setae almost entirely obscuring surface; metafemur
length 1.05 mm, parallel and broad at base to 70% of length, at which femur is angled obliquely
inside of femur-tibial joint; metatibia length 1.23 mm, broad, slightly curved, same vestiture as
femur; metarsomere ratio length 1st to 5th 7:5:5:4:7, vestiture resemble that of femur and tibia.
Materials studied: (Holotype) MEXICO. MORELOS: Cuernavaca (1), A. Fenyes Collection,
California Academy of Sciences; (Paratypes) MEXICO. VERACRUZ: Cordoba (1) and Orizaba
(1), A Fenyes Collection, California Academy of Sciences; MEXICO. GUERRERO: Taxco (1),
M.A. Embury (collector), California Academy of Sciences.
Notes: Coleotestudo nahua was named after the Nahuas, a group of the indigenous people in
central and southern Mexico, El Salvador, Guatemala, Honduras, and Nicaragua.

Discussion
Hutchet et al. (2013) proposed that dead specimens collected from a funerary bundle in
Cueva de la Candelaria, Coahuila, Mexico may belong to a yet undescribed species. However,
after more detailed study the morphology of the specimens from Cueva de la Candelaria
resembles that of Coleotestudo ventriculus populations from Texas. Therefore, the specimens are
now tentatively placed in C. ventriculus. More data from the analysis of more intact specimens
and molecular data is required for a conclusive decision and may alter this hypothesis in the
future.
The ptinine species Pseudeurostus hilleri Reitter, a species introduced to North America
from Europe, and P. kelleri Brown, a species native to high desert regions of the United States,
were originally placed within the genus Niptus but have since been reclassified into the genus
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Pseudeurosus Hayden based on gross morphological differences (Spilman 1968). However, P.
kelleri and P. hilleri are likely not related either and may need reclassification (Philips 2000).
In addition to the North American and European Niptus, there are three species of this
genus known from South America (Table 3). Whorral (2020), using morphological data,
discovered that N. schmidti is not sister taxa with N. hololeucus nor, using molecular
phylogenetics, with Coleotestudo species and should be the type species of a novel genus. Pic
(1920) transferred N. tournoureri to the native South American genus Trigonogenius Solier,
1849. While we have little morphological data on Niptus maximus Pic, 1908 due to the type
unavailable and the description very short, it is unlikely to be sister taxa with Niptus hololeucus
nor Coleotestudo because of the extreme geographical barriers between South America, North
America, and Europe for a flightless beetle adapted to xeric conditions. Several Old World
ptinine species were originally described as members of the Niptus genus, however all but N.
hololeucus have since been transferred to other existing genera or assigned as novel genera
(Table 3).
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Anatomical
structure

Coleotestudo species (based on C. abditus)

Niptus hololeucus

Labrum

Figure 1A: Transverse at apical margin
(arrow)

Figure 2A: Broadly emarginate medially at apical
margin (arrow)

Maxilla

Figure 1B: Surface of lacinia and galea
covered with robust spines (arrows); terminal
segment on maxillary palp longer

Figure 2B: Surface of lacinia and galea covered in
fine setae (arrows); terminal segment of maxillary
palp short

Labium

Figure 1C: Terminal segment of labial palps
(arrow) large; labium more elongate and
expanded towards base and tapers towards
apex

Figure 2C: Terminal segment of labial palps
(arrow) small; labium broad and heavily setose
between insertions of palps, expanded towards apex
and thick throughout

Mandible

Figure 1D: Condyle (arrow) triangular,
relatively large; apical surface emarginate
proximate to condyle

Figure 2D: Condyle (arrow) rounded, relatively
small; apical surface transverse, rounded

Mentum

Figure 1E: Narrowly rounded apex; small
internal cavity (arrow)

Figure 2E: Relatively truncate at apex, almost
trapezoid in shape; larger internal cavity (indicated
by blue arrow)

Meta and mesoventrites

Figure 1F: Mesoventrite transverse at apex;
narrower at base between meso-coxa, ¼ ratio
of mesoventral process (arrow) to meso-coxa
width

Figure 2F: Mesoventrite concave at apex, wider at
base between meso-coxa, 15/22 ratio of mesoventral
process (arrow) to meso-coxa width

Abdominal
ventrites

Figure 1F: 4th abdominal ventrite strongly
reduced; 1:3 ratio of 4th to 3rd ventrite length

Figure 2G: 4th abdominal ventrite moderately
reduced, albeit less so than in C. abditus; 1:2 ratio of
4th to 3rd ventrite length

Scutellum

Figure 1G: Basal struts (arrow) relatively slim

Figure 2H: Basal struts (arrow) relatively robust

Male genitalia

Figure 3A: Median lobe slender, edges
parallel; seam at base of medial lobe (arrow)

Figure 3A, 3B, 3C: Median lobe thick at base and
tapers throughout to apex; no seam

Elytra

Figure 5A: Integument red to brown, not
completely covered with scale-like setae

Figure 4A: Integument completely covered with
golden setae

Pronotum

Figure 5A: Dorsal surface contains four
distinct setal tufts

Figure 4A: Dorsal surface lacks four distinct setal
tufts

Table 1: Description of features that distinguish the ptinine genera Coleotestudo (represented by
C. abditus and Niptus (represented by N. hololeucus).
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Species

Known distribution

Coleotestudo ventriculus
LeConte 1859, New Status

Widespread throughout the southwest United States and
Mexico and may be the most numerous and widespread xeric
adapted genus of beetle in some areas (Aalbu and Andrews
1992, personal observation).

Coleotestudo abstrusus
(Spilman, 1968) New Status

Known to inhabit Southwestern Texas and North-central
Mexico, mainly documented in caves associated with mammal
dung (Spilman 1968, Aalbu 1992).

Coleotestudo abditus
(Brown, 1959) New Status,

Widespread in the Four Corners region of the United States in
southern and eastern Utah, western Colorado, northern Arizona,
and northwestern New Mexico (personal observation).

Coleotestudo absconditus
(Spilman, 1968) New Status

Described only from its type locality Grutas de Xoxafi,
Hildalgo (Spilman 1968), Mexico, but has been poorly
documented throughout arid and semi-arid regions of southern
Mexico and Guatemala.

Coleotestudo guilliani
(Aalbu and Andrews, 1992)
New Status

Widespread throughout the Great Basin region of California,
Nevada, and Utah (Aalbu and Andrws 1992).

Coleotestudo neotomae
(Aalbu and Andrews, 1992)
New Status

Documented only from its type locality in NFS shed on
Helioscope Peak in the Pinaleno Mountains, Arizona (Aalbu
and Andrews 1992).

Coleotestudo sleeperi
(Aalbu and Andrews, 1992)
New Status

Documented only from its type locality in Baja California Sur
(Aalbu and Andrews 1992).

Coleotestudo arcanus
(Aalbu and Andrews, 1992)
New Status

Documented only from its type locality in Mitchell Caverns,
Providence Mountains SRA, California (Aalbu and Andrews
1992).

Table 2: Former Niptus species transferred to Coleotestudo.
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Species

Locality

Taxonomic placement

ventriculus LeConte,
1859

Western USA,
Northern Mexico

Transferred to genus Coleotestudo (Chambliss and Philips herein)

abditus Brown, 1959

Western USA

Transferred to genus Coleotestudo (Chambliss and Philips herein)

sleeperi Aalbu and
Andrews, 1992

Baja California Sur,
Mexico

Transferred to genus Coleotestudo (Chambliss and Philips herein)

guilliani Aalbu and
Andrews, 1992

Western USA

Transferred to genus Coleotestudo (Chambliss and Philips herein)

abstrusus Spilman,
1968

Central Mexico

Transferred to genus Coleotestudo (Chambliss and Philips herein)

absconditus Spilman,
1968

Northern Mexico,
Texas

Transferred to genus Coleotestudo (Chambliss and Philips herein)

arcanus Aalbu and
Andrews, 1992

Single cave in
Providence Mountains,
California

Transferred to genus Coleotestudo (Chambliss and Philips herein)

neotomae Aalbu and
Andrews, 1992

Mount Graham,
Arizona

Transferred to genus Coleotestudo (Chambliss and Philips herein)

schmidti Fairmaire,
1878

Peru

Type species for undescribed genus (Whorral and Philips, unpublished)

maximus Pic, 1908

Brazil

Unlikely to be monophyletic with any Old World Niptus or N. schmidti
due to geographic barriers

tournoureri Pic, 1917

Argentina

Transferred to genus Trigonogenius (Pic, 1920)

hololeucus

Old World

Only remaining true Niptus species

rugosopunctatus Haupt,
1956

Germany

Eocene elytron fossil from lignite/shale in Rhineland, Germany; species
most likely extinct and evidence weak that it belongs to Niptus.

denserugosus Haupt,
1956

Germany

Eocene elytron fossil from lignite/shale in Rhineland, Germany; species
most likely extinct and evidence weak that it belongs to Niptus.

globipennis Reitter,
1884

Morocco

Transferred to genus Niptodes Reitter, 1884

North America

South America

Old World
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ovipennis Reitter, 1884

Morocco

Transferred to genus Niptodes Reitter, 1884

fuscus Gradl, 1881

Old World

Synonymized with Epauloecus unicolor Piller and Mitterpacher,1783

fausti Heyden, 1886

Turkmenistan

Transferred to genus Mezioniptus Pic, 1944

elongatus Boieldieu,
1854

Morocco, Italy, Azores

Type species for genus Niptodes Reitter, 1884

constrictus
Kiesenwetter, 1867

Portugal, Spain

Synonymized with Niptodes carbonarius Rosenhauer, 1856

ferrugulus Reitter, 1884

Spain

Transferred to genus Niptodes Reitter, 1884

lusitanus Reitter 1888

Portugal

Transferred to genus Niptodes Reitter, 1884

nobilis Reitter, 1884

Italy

Transferred to genus Niptodes Reitter, 1884

rotundipennis Reitter,
1884

Morocco, Azores

Transferred to genus Niptodes Reitter, 1884

brevesetosus Pic, 1956

Old World

Synonymized with Niptus hololeucus Falderman, 1836

hilleri Reitter, 1877

Old World

Transferred to genus Pseudeurostus Heyden, 1906

subelongatus Pic, 1950

Old World

Synonymized with Pseuderostus hilleri Reitter, 1877

rugosicollis
Desbrochers des Loges,
1875

Old World

Transferred to genus Ptinus Linnaeus, 1767

griseofuscus DeGeer
1774

Old World

Synonymized with Ptinus crenatus Fabricicus, 1792, then synonymized
with Ptinus unicolor Piller and Mitterpacher, 1783, then transferred to
genus Epauloecus Mulsant and Rey, 1868 as type species

minimus Heyden, 1870

Old World

Transferred to genus Niptodes Reitter, 1884

Table 3. Current and former member species of the genus Niptus according to Löbl and Smetana
(2007).
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Figure 1. Niptus hololeucus mouthparts and selected sclerites. A. Labrum; B, Maxilla; C,
Labium; D, Mandible; E, Mentum; F, Meso-ventral process; G, Abdominal ventrites; H,
Scutellum. Blue arrows indicate features that characterize the genus Niptus.
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Figure 2. Coleotestudo abditus selected schlerites; A, Labium; B, Mentum; C, Labrum; D,
Maxilla; E, Mandible; F, Scutellum; G, Meta, meso, and abdominal ventrites. Blue arrows
indicate features that characterize the genus Coleotestudo.
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Figure 3. Male genitalia; A. Niptus hololeucus; B. Coleotestudo abditus; C. Coleotestudo
candelaria; D. Coleotestudo potosi. Blue arrows indicate seam at base of medial lobe.
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Figure 4. Niptus hololeucus habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of head.
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Figure 5. Distribution of Coleotestudo species in Mexico: C. potosi, star; C. nahua, circles.
elytra distinguish N. potosi from all other known Coleotestudo species.
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Figure 6. Coleotestudo potosi habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of head.
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Figure 7. Coleotestudo nahua habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of head.
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Chapter 2: Molecular systematics and phylogeography of the North American spider beetle
genus Coleotestudo (Ptinidae)

Abstract
Spider beetles (Ptininae) are small, flightless detritivores that appear to be most diverse in
temperate arid and semi-arid regions. The recently described spider beetle genus Coleotestudo
Chambliss and Philips is composed of 11 described species with a known distribution across the
southwestern United States, north to Wyoming, and south into Chiapas, Mexico. In this study,
Coleotestudo was collected mainly from caves and the burrows and nests of vertebrates across
most of their known distribution within the United States. Two mitochondrial genes (CO1, 16S)
and one nuclear gene (28S) were amplified and sequenced from specimens from each locality.
Phylogenetic trees were constructed via Bayesian and maximum parsimony analyses, and 13
distinct lineages belonging to the major clades C. ventriculus, sensu lato (three lineages), C.
abditus, sensu lato (nine lineages), and C. giuliani (one lineage) were identified using both
phylogenetic molecular and, in most cases, morphological data. Four of the 13 lineages represent
described species, and thus nine species are supported as unique novel species that should be
described in the future. Distribution maps were created using collection localities for each
lineage and percent divergence rates of CO1 sequences between populations, and speciation
events for the genus are hypothesized by comparing phylogenies with current and historical
geography and environmental conditions.
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Introduction
1. New World Ptininae
The beetle subfamily Ptininae (Coleoptera), commonly known as ‘spider beetles’, are
found worldwide and are recognizable by their small size, hairy vestiture, and globular body
shape (Philips 2000). Ptininae is composed of approximately 70 described genera and about 600
species and are most diverse in temperate, arid, and semi-arid regions. The greatest diversity of
the group exists in the Southern Hemisphere, with about 25% of described genera found in South
Africa alone (Wood and Philips 2013).
Ptininae is represented in the New World by 16 genera: Ptinus Linnaeus (cosmopolitan),
Pitnus Gorham (New World, Australia), Gnostus Westwood (South America and Florida),
Fabrasia Martinez & Viana (Central and South America, Cuba and Hispaniola), Niptinus Fall
(Texas through Central America), Pseudeurostus Heyden (western USA), Lachnoniptus Philips
(British Virgin Islands), Prosternoptinus Belles (Central and South America), Coleoaethes
Philips (Panama), Trigonogenius Solier (South America), Bellesus Ozdikmen (northern South
America), Tropicoptinus Belles (Central and South America), Cordielytrum Philips (Peru),
Xenocotylus Whorral and Philips (Peru), and the unpublished genera “Furcillifer” Whorral and
Philips (Peru) and “Coleotestudo” Chambliss and Philips (North America).
2. Description and known distribution of the ptinine genus Coleotestudo
Coleotestudo is a genus consisting of 11 described species which inhabit arid and semiarid areas in western United States, Mexico, and possibly Guatemala (Aalbu and Andrews 1992,
Blackwelder 1945). Species occupy a wide variety of habitat types including dune systems, lowelevation desert scrub, pinyon-juniper forest, and high elevation pine forests (10,000 ft+; Aalbu
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and Andrews 1992, Chambliss personal observation). While their dispersal abilities are not fully
understood, Coleotestudo species are likely weak dispersers considering their inability to fly,
small size, and slow terrestrial locomotion. Thus, geographic features such as rivers and
mountain chains may present barriers to gene flow, leading to isolated populations and eventual
allopatric speciation.
Although arthropod diversity in the western United States is relatively well-studied, the
distribution and habitat of Coleotestudo species is not well known due to a lack of historical
research and the inefficacy of common beetle trapping techniques such as black-lighting, nonbaited pitfall traps, and Malaise traps (Aalbu and Andrews 1992). As dung feeders, Coleotestudo
populations likely form clumped distributions around reliable supplies of food where vertebrates
are commonly present. North American deserts are prone to natural climate fluctuations leading
to periods extreme heat, cold, wind, rainstorms, prolonged droughts, and fires, during which
thermal refugia such as rock shelters, caves, and burrows are used by a variety of animals to
escape extreme heat and preserve moisture (Beck and Jennings 2003, Overpeck et al. 2013,
Walde et al. 2009). For spider beetles, such thermal refugia may also contain reliable food
sources in the form of excrement and detritus from primary or secondary inhabitants. Successful
sampling for North American spider beetles may therefore depend on trapping within or in the
immediate vicinity of burrows, for example, where beetles are likely to reside.
3. Phylogeny and diversity of Coleotestudo
While many species of Coleotestudo have been described, their phylogenetic
relationships are inadequately understood. Aalbu and Andrews (1992) speculated on the
phylogenetic relationships between Coleotestudo (as Niptus) species, Pseudeurostus species, and
the European Niptus hololeucus and created a dichotomous key using morphological characters.
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However, their revision of North American Niptus excludes recently discovered species of
Coleotestudo and did not incorporate any molecular genetic data in their hypotheses of species
limits.
Molecular phylogenies may reveal speciation events not easily detectable through
exclusively morphological analysis. Cryptic speciation results in the formation of distinct species
with mostly or entirely indistinguishable morphology and the recognition of these cryptic species
is nearly impossible without the implementation of molecular DNA analysis (Bond 2012).
Coleotestudo is widespread throughout arid and semi-arid regions of the Southwest United
States, excluding alpine and subalpine zones (Aalbu and Andrews 1992), though areas of similar
habitat are often bisected by rivers, mountain ranges, and continental divides (United States
Geological Survey 2015) which may prevent gene flow between populations. Considering the
geographically disjunct distribution of habitat types in the western United States, allopatric
speciation of isolated populations should be common within Coleotestudo especially if their
dispersal ability is as weak as currently thought.
4. Phylogeography of Coleotestudo
Phylogeographic analysis can reveal patterns of dispersal and speciation, as well as the
effects of paleoclimate on the evolutionary history of animal groups. Factors influencing the
dispersal of organisms such as host specificity (Augustyn et al. 2013), flow directions of rivers
and watersheds (Pereira-da-Conceicoa et al. 2012), range restricted ‘sky islands’ (Isolated areas
of high elevation; Price et al. 2007), and the location of geographic barriers such as rivers and
mountain ranges (Switala et al. 2014) can affect gene flow and speciation patterns. If
Coleotestudo relies on burrows, caves, and rock shelters for reliable sources of food and as
refugia from extreme heat and aridity, close association with dung from vertebrates may be
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reflected in their phylogeography as populations can only be established in areas where
vertebrates are present.
Phylogeography may be instrumental in associating the evolutionary history of
Coleotestudo with paleogeographic events. The incorporation of paleogeography into a
phylogeny might reveal geographical barriers or avenues for dispersal that no longer exist. For
example, the three described Coleotestudo species C. guilliani, C. ventriculus, and C. abitus have
extensive, mostly disjunct distributions. However, they overlap along their distribution margins
and all three species have documented sympatric distributions in areas of northeast Arizona and
southwest Utah (Aalbu and Andrews 1992). If these species were once allopatric, the geographic
barriers that caused their speciation have since disappeared.
Since some Coleotestudo species were described from a single individual or a handful of
individuals, more sampling along with molecular DNA analysis may reveal that previously
described species should be split into multiple species or demoted to subspecies. The goals of
this study are to (1) test the integrity of previously described species, (2) explore the evolutionary
history of Coleotestudo including phylogenetic relationships and phylogeography using
molecular evidence of relationships from three gene fragments, and (3) reveal novel cryptic
species if they exist.

Materials and methods
1. Collection
Specimens were collected from a variety of habitats in the western USA including the
states of Texas, New Mexico, Arizona, California, Nevada, Colorado, and Wyoming (see Fig. 7).
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Specimens were primarily collected using circular, 7.5 cm wide by 5 cm deep plastic pitfall trap
cups baited with human feces that were placed inside a smaller plastic bait cup (4 cm wide by 3
cm deep) inside the trap. No preservation fluid was used as beetles cannot climb the sides of the
traps. Some specimens were also collected by scooping burrows with a long spoon or by hand.
Live specimens were preserved in 100% ethanol.
Traps were set in a wide variety of microhabitats including bases of scrubby plants,
vegetation around sand dunes, and open grassy areas. However, almost all traps that captured
spider beetles were set in sheltered areas such as within or near caves, rock shelters, and animal
burrows with clear signs of vertebrate habitation such as dung.
2. DNA extraction and sequencing
Ptinine specimens collected from each locality were examined and sorted based on
morphotypes. One specimen per morphotype from each locality was selected for DNA extraction
using the E.Z.N.A. Insect DNA Kit, following the protocol in the manual (Revision Number
version 6.0) with the following modifications. For locations where only a single representative
for a species was collected, subjects were disarticulated instead of ground using a pestle. The
head and thorax were separated from the abdomen before soaking in the lysis buffer, allowing
for dissolution of soft tissue while leaving the sclerotized exoskeleton for morphological study.
DNA concentrations of the products were tested using a NanoDrop 2000 spectrophotometer
(Thermo Scientific), and volumes of products with concentrations less than 2 ng/μL were
reduced by evaporation of ethanol from the buffer solution to increase DNA concentration using
a CentriVap Concentrator (LABCONCO).
Two mitochondrial genes (CO1, 16S) and one nuclear ribosomal gene (28S) were
selected for amplification and analysis. Each of the gene regions were amplified using
28

polymerase chain reactions (PCR) utilizing the primers listed in Table 1. The PCR recipe was
composed of 12.5 μL Gotaq Hotstart Colorless Master Mix, 2 μL 10 mM of both forward and
reverse primers, 2 μL 25mM MgCl2, 0.5-6.5 μL DNA isolate, and 0-6 μL nuclease-free water for
a total volume of 25 μL. PCR cycles for 28S consisted of an initial denaturation at 95o C for two
minutes, followed by 49 cycles of 95o C for two minutes, 62o C for 45 seconds, and 72o C for 60
seconds, followed by a final annealing period of 72o C for ten minutes. PCR cycles for 16S
consisted of an initial denaturation at 95o C for two minutes, followed by 10 cycles of 95o C for
two minutes, 48o C for 45 seconds, and 72o C for 60 seconds, followed by 45 cycles of 95o C for
35 seconds, 58o C for 45 seconds, and 72o C for 60 seconds, followed by a final annealing period
of 72o C for five minutes. PCR cycles for COI consisted of an initial denaturation at 95o C for
five minutes, followed by 35 cycles of 94o C for 45 seconds, 46o C for 30 seconds, and 72o C for
60 seconds, followed by a final annealing period of 72o C for three minutes.
PCR products were sent to Genewiz (South Plainfield, New Jersey) for Sanger
sequencing. Sequences acquired from gene fragments were aligned and edited using Geneious
Pro 5.5.9. CO1 sequences ranged in length from 344 to 812 bp, 16S sequences from 471 to 474,
and 28S from 362 to 363. Sequences were concatenated with Geneious Pro 5.5.9 for
phylogenetic analysis.
3. Phylogenetic analysis
Table 2 shows important information about the generation of each tree. Maximum
parsimony analyses and Bayesian analyses were performed for each gene with a minimum
sequence length of 350bp as well as concatenated sequences. Sequences of the same gene were
trimmed to equal lengths (i.e., CO1=334, 16S=480, and 28S=363). Outgroups for tree rooting
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included one to five species of Ptinus and one species of Pseudeurostus (note: labeled in the
topologies as Ptinus Goshute Cave).
For the parsimony analysis, WinClada (Nixon 1999) was used to import sequence data
into Dada, while trees were produced with Nona (Goloboff 1996). Characters were analyzed
unordered, and tree generation in Nona was repeated until the most parsimonious trees were
discovered and adequately tested according to default parameters (i.e., branch swapping not
necessary). The number of trees created, the number of taxa, the number of steps, the CI value,
and the RI value are reported in Table 2 for each gene and from the total evidence concatenated
three gene data generated from maximum parsimony. The majority rules trees that show all
clades supported at the 50% or greater level are used in the results and discussion.
For the Bayesian analysis, JModeltest 2.1.6 (Darriba et al. 2012, Guindon and Gascuel
2003) was first used to determine the best model of evolution for each gene. Bayesian topologies
were produced using Mr. Bayes 3.2.6 (Huelsenbeck and Ronquist 2001, Ronquist and
Huelsenbeck 2003) with a general time-reversible GTR model with a gamma distribution (G) for
the CO1 and the GTR model with invariable sites (I) and a gamma distribution (G) for the 16S
gene and the HKY model with invariable sites (I) and a gamma distribution (G) for the 28S gene.
All data sets used a sample frequency of 100. Generations of Markov chain Monte Carlo
(MCMC) chains were continued until the standard deviation of split frequencies reached <0.01.
4. Morphological analysis
Approximately 800 specimens corresponding to Coleotestudo morphotypes were
examined. Topologies acquired from maximum parsimony and Bayesian analyses revealed
several distinct clades. Populations from each clade were compared with each other as well as
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with other clades, and consistent morphological differences between clades were identified when
present.
5. Species delimitation
Species candidates were delimited based on a combination of morphological and DNA
sequence data. To account for cryptic species, a group was determined to be a candidate for an
independent species if all member populations are monophyletic based on the six phylogenies
generated in this study, the average divergence of CO1 sequences is greater than 8.1% between
member and non-member populations, and the average divergence of CO1 sequences is less than
7% among member populations. The 8.1% sequence divergence level was determined by the
minimum average divergence of CO1 sequences between phylospecies with consistent
morphological differences (Table 5). This method was chosen because diversification events that
include consistent morphological differences among resulting species are commonly used to test
programs that use sequence divergence to delimitate species, such as the Generalized Mixed
Yule Coalescent (GMYC; Dellicour and Flot 2018, Talavera et al. 2013).
6. Estimating evolutionary distance
Evolutionary divergence among taxa was estimated using MEGA11 (Tamura et al. 2021)
to calculate pairwise differences as the proportion of nucleotide differences in CO1 gene
fragments between taxa with 1000 bootstraps to estimate variance. Evolutionary variance within
phylospecies groups was estimated as an average of pairwise differences between taxa within
each group. Evolutionary divergence between phylospecies groups was estimated using average
pairwise distances between taxa of each group.
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Results
1. Phylogenetic topologies (Figs. 1-6)
Eight trees were acquired using Bayesian and maximum parsimony analyses from
sequences consisting of one or more gene fragments: Bayesian tree of the CO1, 16S, and 28S
gene sequences and concatenated sequences of all three genes (Fig. 1-3), and maximum
parsimony with majority rules trees for each gene sequence and the concatenated sequences of
all three genes (Fig 4-6). Topologies acquired from analysis of the 28S gene separately gave
poorly resolved trees and are not shown. All six featured trees found with both Bayesian and
maximum parsimony analyses show 100% support for the monophyly of Coleotestudo and each
of the three major basal clades reflecting in general the three described species C. abditus, C.
giuliani, and C. ventriculus, but with the described species C. arcanus nested within the C.
abditus, sensu lato. C. abditus, sensu lato appears as a sister clade of C. giuliani, sensu lato plus
C. ventriculus, sensu lato (Figs. 1, 2, 4, 5) with 100% support in both the Bayesian and
Parsimony CO1 and concatenated topologies. Bayesian 16S shows C. ventriculus, sensu lato as a
sister clade of C. giuliani, sensu lato plus C. abditus, sensu lato with 76% support (Fig. 3) while
the parsimony analysis of this same gene shows C. giuliani, sensu lato as sister clade of C.
abditus, sensu lato and C. ventriculus, sensu lato with 100% support (Fig. 6).
All six trees consistently show three monophyletic groups within C. ventriculus, sensu
lato (Figs. 1-6). These clades show genetic distances in CO1 gene fragments of more than 10%
expected nucleotide changes per site between them and will herein be referred to as the
phylospecies chihuahua, california, and divide. The chihuahua phylospecies is sister to the
california and divide phylospecies with 100% support in Bayesian with concatenated and the
CO1 sequence and maximum parsimony with concatenated and CO1 sequence, while Bayesian
32

and maximum parsimony with 16S sequence data show california as a sister clade to divide plus
chihuahua with 100% support.
The three Bayesian topologies show small genetic distances within the C. giuliani basal
clade, and thus all individuals within are included as a single phylospecies. Moreover, the
relationships between C. giuliani populations are highly variable among trees.
Within the C. abditus, sensu lato clade, the topologies show multiple divergent groups
which were then studied for morphological differences. The morphotypes generated from
comparing the morphologies of these various groups mostly align with the six molecular analysis
topologies. These morphotypes referred to as arcanus, arkansas, canadiansis, eagari, jackeri,
microtexanum, and zuni form monophyletic groups in all six tree topologies and were transcribed
to phylospecies of the same name. Colorado was split into the sister phylospecies clades
colorado and simon due to relatively high genetic divergence although morphological
differences could not be found. Notably, Though the monophyly of all nine C. abditus, sensu
lato phylospecies is fully supported by all six tree topologies, relationships within this clade
among the phylospecies are variable in some cases between the bayes and parsimony trees and
node support values are generally low. Further, morphological differences between arkansas,
canadiansis, and zuni could not be found and all appear as separate lineages within all trees;
recognizing them as a single species would create polyphyly and render other phylospecies nonmonophyletic as well. Hence, they can be considered three cryptic species.
2. Estimates of evolutionary divergence (Tables 4-5)
CO1 estimates of evolutionary divergence shows high divergence overall between
Coleotestudo phylospecies (all above 8%; Table 5) and range from 8.1% between arcanus and
eagari to 17.8% between eagari and california with standard errors ranging from 1.0% to 1.5%.
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All average divergence rates within phylospecies are lower than average divergence rates
between phylospecies (Table 4) and range from 1.16% for chihuahua to 6.94% for colorado with
standard errors ranging from 0.24% to 0.74%. Average divergences of CO1 gene sequences are
unavailable within jackeri, eagari, and arcanus because only one sequence was available for
each.
16S estimates of evolutionary divergence show similar patterns to that seen with the CO1
gene, though with mostly lower rates of divergence between and within phylospecies. Average
divergence between phylospecies range from 1.9% between microtexanum and zuni to 13.6%
between simon and giuliani with standard errors from 0.6% to 1.6% (Table 7). Average
divergence within phylospecies range from 0.21% for zuni to 2.63% for colorado with standard
errors from 0.17% to 0.55% (Table 6). Average divergences of 16S gene sequences are
unavailable within jackeri, eagari, and arcanus because only one sequence was available for
each.
The phylospecies colorado has the greatest estimates of evolutionary divergence between
member populations among all measured phylospecies. While 16S average evolutionary
divergence among colorado populations is greater than the distance between several other
phylospecies of C. abditus, sensu lato, colorado is retained as a single phylospecies because it is
monophyletic and populations are morphologically consistent.
3. Species, sensu lato and phylospecies distributions with pairwise distances
In the dry, warm deserts of southern California, New Mexico, Arizona, and western
Texas, only C. ventriculus, sensu lato was collected (Fig. 7). At higher elevations (4,000-8,000
ft), in the less arid areas of Arizona, New Mexico, Colorado, and western Texas C. abditus,
sensu lato was mainly collected, although C. ventriculus, sensu lato was collected in a couple
34

high elevation locations in southeast New Mexico. In the Great Basin cold desert, C. giuliani,
sensu lato was collected in the north, west, and east, and C. ventriculus, sensu lato was collected
from the southeast. In southwest Wyoming, only C. giuliani was collected.
Sympatric phylospecies were only documented at three localities in this study.
Phylospecies of C. ventriculus, sensu lato and C. abditus, sensu lato were collected from three
shared locations: in the Sacramento Mountains, NM (chihuahua and microtexanum, respectively)
and the Guadalupe Mountains, NM, and in Three Turkey Canyon, AZ (divide and simon,
respectively).
The three genetically distinct groups within the C. ventriculus clade are separated by
watershed boundaries (Fig. 9). The california clade is confined to the endorheic San Joaquin
valley and the extreme southern extent of the Great Basin. The chihuahua clade is confined to
the Rio Grande River Basin. The divide clade contains populations from both the Colorado River
Basin and the Arkansas River Basin, with no phylogenic separation between these two
geographically separated groups in any of the six phylogenetic trees (Figs. 1-6). Coleotestudo
ventriculus, sensu lato populations were reported by Aalbu and Andrews (1992) in southern New
Mexico, Arizona, and California, but were not sampled in this study as traps did not capture any
target specimens in this region. The lack of successful collection in this region may have been
due to current extreme drought conditions.
The geographic and genetic distances between and within phylospecies of the C. abditus,
sensu lato clade are illustrated in Fig. 8. Colorado is the best represented group in terms of
localities sampled (with six sites), and its placement as sister to simon (with two sites) is wellsupported by three-gene Bayesian and maximum-parsimony topologies. Populations of colorado
were sampled in the proximity of perennial watercourses (<20 miles distant) and all are within
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the upper Colorado River Basin (upstream of Lake Powell). Phylospecies simon is represented
by two individuals collected within the Simon River watershed, which is part of the upper
Colorado River Basin. Though the phylospecies arkansas and canadiansis both occur mostly in
the Arkansas River Basin in proximal localities and are sister clades in the concatenated
parsimony tree (Fig. 4), they are genetically distant and are not sister taxa in the Bayesian
topology (Fig. 1). The phylospecies arcanus, described as the species C. arcanus and a cave
endemic (Aalbu and Andrews 1992), is both geographically distant to and genetically distinct
compared to all other C. abditus, sensu lato phylospecies. Populations of the phylospecies
microtexanum were sampled from three isolated mountain ranges (Sacramento Mountains,
Guadalupe Mountains, and Davis Mountains) aligned in a NNW to SSE orientation on the
western edge of the Pecos River basin. The three phylospecies zuni, jackeri, and eagari were
described from singular populations/localities and all occur in or near a continuous area of
semiarid tablelands straddling the northern Arizona/New Mexico border (based on a USGS
ecoregion map in Griffith et al. 2006).
The C. abditus, sensu lato clade has genetic distances ranging from 0.0- 7.3% (Fig. 10).
All populations have characteristic morphologies that are consistently distinct from any other
species or hypothesized species herein known.
4. Species delimitation
Thirteen genetically distinct lineages (phylospecies) were detected in Coleotestudo in this
study (Table 3). All phylospecies are supported by Bayesian and maximum parsimony trees in
100% of the topologies discovered using the concatenated sequences of all three genes (Figs. 1,
4) There is a minimum of 8.1% average CO1 sequence divergence between all phylospecies
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pairs (Table 5), and less than a 7% average divergence over CO1 sequence pairs within
phylospecies (Table 4).
No consistent morphological differences were found between the three lineages of C.
ventriculus, sensu lato, though there is very high average divergence (at least 13%) over CO1
sequence pairs between phylospecies and very low average divergence over CO1 sequence pairs
within phylospecies (<1%) except for california (5.1%).
The C. abditus, sensu lato phylospecies zuni, microtexanum, jackeri, eagari, and arcanus
are separated from all other Coleotestudo taxa by at least an 8.1% average divergence over CO1
sequence pairs between phylospecies and less than an 7 % average divergence over CO1
sequence pairs within phylospecies (when applicable). The phylospecies arkansas, canadiansis,
and zuni were indistinguishable based on preliminary morphological analysis, as were the
phylospecies colorado and simon. Colorado populations are highly divergent, with some CO1
sequence pairwise distances within colorado greater than those between colorado and simon.

Discussion
1. Phylogenies
The mitochondrial genes (16S and CO1) showed similarly rapid rates of mutation relative
to the nuclear gene 28S, so both should be useful when population divergence is relatively low.
Mitochondrial protein coding genes have the highest Bayesian support values for divergences
less than 0.2 or 20% (Makowsky et al. 2010), which includes all sequence relationships in this
study. As the 16S and CO1 genes are mitochondrial and therefore matrilineally inheritable, they
should be inherited together and reflect the same evolutionary lineages. While recombination of
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mitochondrial DNA has been documented in a variety of animal taxa, it appears to be extremely
rare (Ladoukakis and Zouros 2017). Thus, most of the incongruity between trees generated from
16S and CO1 gene sequences can be attributed to their short sequence length and the random
nature of nucleotide mutations, and analysis using combined gene sequences (a total evidence
approach) should yield the most accurate tree topology.
As mitochondrial protein-coding gene sequences may be saturated for deep levels of
divergence (Simon et al. 1994), the addition of the more conserved nuclear gene 28S serves to
improve the accuracy of Bayesian and maximum parsimony tree topologies among more
ancestral nodes (Bell and Philips 2012). However, the species within the single genus
Coleotestudo likely have relatively recently evolved and the two mitochondrial genes may be
adequate for elucidating relationships. Considering that using all three genes (16S, CO1, and
28S) likely provides the best estimates of evolutionary relationships among Coleotestudo, this
discussion will be limited to the Bayesian and maximum parsimony analysis of concatenated
sequences (Figs. 1 and 4).
2. Phylogenetic relationships between taxa of Coleotestudo
The three major clades that appear in the topologies consist of C. ventriculus, sensu lato,
C. abditus, sensu lato, and C. giuliani (Fig. 4). Early divergence events in the evolution of
Coleotestudo (Figs. 1, 4) among these major clades include a split of C. giuliani with C.
ventriculus, sensu lato from C. abditus, sensu lato, followed by a split between C. ventriculus,
sensu lato and C. giuliani.
The phylogenetic patterns of diversification between the three major clades of
Coleotestudo appear very different. Based on branch lengths that reflect genetic differences, low
estimates of average evolutionary divergence over sequence pairs within the chihuahua and
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divide lineages (C. ventriculus, senu lato) indicate high rates of recent gene flow between
sampled populations, and high estimates of average evolutionary divergence over sequence pairs
between lineages indicates a distant common ancestor. Coleotestudo giuliani is only represented
by a single lineage with low estimates of evolutionary divergence between sequence pairs. Thus,
there has been recent gene flow between studied populations, though possibly not so recent as
among chihuahua or divide populations.
The C. abditus, sensu lato clade has more independent lineages than the other two major
clades combined, and relatively high estimates of evolutionary divergence in populations within
lineages. High estimates of evolutionary divergence among populations within this major lineage
indicates low gene flow, and historical trends of extremely low or nonexistent gene flow
apparently have led to the greater rates of speciation as observed in this study. The CO1 rate of
mutation appears to be greater for C. ventriculus, sensu lato than the other basal clades, as
member populations show greater horizontal distance from the most recent common ancestor of
Coleotestudo (Fig. 2). Thus, while the estimates of evolutionary divergence over CO1 sequences
between lineages are greater among C. ventriculus, sensu lato lineages than C. abditus, sensu
lato lineages, splits between C. ventriculus, sensu lato did not necessarily occur at an earlier date
(Figs 11-12).
4. Species delimitation
The phylospecies california, divide, chihuahua, microtexanum, eagari, jackeri, zuni,
arkansas, and canadiansis are recommended for species delimitation based on high genetic
divergence between populations of different phylospecies and low genetic divergence between
populations of the same phylospecies. Colorado and simon should not be described as separate
species at this time because of the high genetic divergence between some populations within
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colorado relative to genetic divergence between populations of colorado and simon. However,
colorado and simon are 100% supported by all six trees as sister taxa, and thus a combined
group, composed of the phylospecies colorado and simon, is recommended for species
delimitation. This group should retain the existing species name Coleotestudo abditus because it
is likely most closely related to the type specimen based on geographic distribution and
morphology.
5. Hypotheses of species distribution
5.1 Geography
Watersheds, or catchments, are widely regarded as centers for biodiversity (Price et al.
2010). While Coleotestudo is fully terrestrial, they may be limited in their distribution to
watersheds by availability of habitat or properties of the landscape; canyons and riparian areas
often have more moisture, and thus more vegetation and animals that rely on vegetation, than the
surrounding landscape. If Coleotestudo is restricted to habitat within water catchments, then
different catchments may contain genetically distinct lineages. Distributions of the three C.
ventriculus, sensu lato phylospecies align closely with watershed boundaries, with chihuahua
appearing to follow the boundaries of the Rio Grande Basin, the neighboring divide clade in the
Colorado River Basin as well as the non-adjacent Arkansas River Basin, and the california clade
constrained to the endorheic San Joaquin Valley and Great Basin. If the three C. ventriculus,
sensu lato phylospecies are adapted for the same habitat, their diversification resulting from lack
of gene flow may be attributed to isolation among catchments.
Much of the literature suggests that middle Miocene processes, particularly uplift of
western North American mountain ranges, was a major force driving the diversification of many
taxa (Wilson and Pitts 2010). The evolution of widespread taxa is more likely to be affected by
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major geographic changes such as the uplift of mountain ranges because wider ranges are more
likely to be bisected. If the ancestors of C. ventriculus, sensu lato and C. giuliani were
widespread, the current distribution and diversity of Coleotestudo taxa is likely influenced by
middle Miocene uplift events.
5.2 Climate
The basal clades of Coleotestudo from this study have documented ranges that mostly
align with certain climate factors. C. ventriculus, sensu lato appears most commonly in the warm
deserts of the southwest USA and Mexico and lower elevation areas of the Colorado Plateau.
The three C. ventriculus, sensu lato phylospecies further align with the major warm deserts, each
with unique environments; these are the Chihuahuan, Sonoran/lower Colorado Plateau, and
Mojave deserts for chihuahua, divide, and california respectively. Coleotestudo giuliani has been
mostly found in cooler areas of the Great Basin, southwest Wyoming, and northern Utah, and C.
abditus, sensu lato is largely constrained to cooler, wetter mid-elevation areas.
Population dynamics of desert species in the southwest United States, including
Coleotestudo taxa, may be associated with the more recent formation of desert refugia during
Pleistocene glaciation events. Wilson and Pitts (2010, 2012) investigated the diversification of
Nearctic Sphaeropthalminae velvet ants (Hymenoptera: Mutillidae) using molecular,
morphological, and geographic distribution data. The Sphaeropthalminae is a good group to
compare with Coleotestudo in terms of phylogeography because both groups are weak dispersers
(female velvet ants are flightless), active nocturnally, and are xeric adapted. Using paleoclimate
data, they identified multiple cold and warm desert refugia in the southwest United States where
nocturnal velvet ants may have survived during Pleistocene glaciations that align with genetic
divisions between populations based on multiple gene sequence analysis.
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The predilection of C. abditus, sensu lato towards cooler, wetter areas may have caused
the apparent high levels of lineage divergence resulting from low or absent gene flow among
populations. Across much of the western United States, cool and/or moist areas are patchily
distributed in sheltered canyons, sky islands, caves, rock shelters, and around watercourses.
Thus, populations with weak dispersal abilities and reliant on those types of “island” habitats for
survival should have low levels of gene flow across the drier, hotter surrounding landscape.
Several species of Coleotestudo (C. potosi, C. sleeperi, C. neotomae, and C. arcanus) have
already been described from such isolated areas of high relative moisture and low relative
temperatures. Additionally, the phylospecies jackeri, eagari, and zuni were only collected within
sheltered canyons in the vicinity of seasonally flowing streams, and microtexanum was collected
from relatively lush canyons in mountain ranges with higher elevation than the surrounding
desert plains.
Collection efforts in southern Arizona, California, and New Mexico were surprisingly
unsuccessful, considering that many specimens have been collected there previously (Aalbu and
Andrews 1992). This failure to collect may have been caused in part by environmental
conditions, as southwestern North America is currently undergoing the driest 22-year period
since at least 800 CE based on soil moisture (Williams et al. 2022). Furthermore, a heat wave
encompassed much of the western United States during much of the sampling from June through
mid-July 2021, which was found to be a 1,000-year extreme dry weather event based on rapid
attribution analysis (Philip et al. 2021). These climate events, along with the diversion of water
for agricultural and urban developments over the past several decades, led to an abnormally hot
and dry period for the region. Even though the C. ventriculus, sensu lato clade is hypothesized to
be the most tolerant of hot and dry habitats compared to C. giuliani and C. abditus, sensu lato,
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their absence from this study indicates that they may have been either estivating during sampling
or had already succumbed to the extreme atypical conditions.
5.3 Phoresy
Close association with more vagile hosts may lead to dispersal via phoresy, meaning that
the organism is carried by its host across great distances relative to independent locomotion.
Since Coleotestudo spider beetles are known to live in the nests and burrows of mammals, it is
possible that they disperse by hitching rides on their hosts. Pseudoscorpions were found in many
of the burrows where Coleotestudo was collected and are similarly small, flightless, and slowmoving. In a phylogeographic study of a European species of pseudoscorpion, Opatova and
Št’áhlavský (2018) found that the population dynamics of the species were far less stratified than
they expected from a weak disperser. Considering that the pseudoscorpion lived in the nests of
several mammalian and avian species, the authors concluded that they may disperse via phoresy.
If Coleotestudo spider beetles disperse via phoresy, their phylogeography should reflect patterns
of geographic structure and rates of divergence that resemble their host. However, the globular
body shape and general physiology of Coleotestudo may prevent such a dispersal mechanism.
Most lineages of Coleotestudo have continuous distributions that are bound by clear
geographic barriers. However, the C. ventriculus phylospecies divide consists of populations on
both sides of the Rocky Mountains, which should be a major barrier to dispersal considering the
high-elevation mountain ranges and two continental divides (Fig. 9). However, the two
geographically distant groups cannot be distinguished phylogenetically (Fig. 1), meaning that
gene flow between populations within each group is not measurably greater than gene flow
between the groups. There may be unsampled populations between the two groups, which would
indicate dispersal pathways such as mountain passes through which gene flow may occur.
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Phoresy is a remote possibility, but phoretic events would need to be common to maintain such a
high rate of gene flow. The relationships between the geographically disjunct divide populations
may be erroneous due to laboratory mistakes, and thus a quality check is required to increase the
reliability of these results and more sampling is necessary to characterize the distribution of the
divide phylospecies.
5.4 Cryptic refugia
Areas of sheltered topography may have provided stable microclimates during
Pleistocene glacial periods where species suited for warmer, dryer climates may have survived in
northerly regions (Stewart and Lister 2001). The existence of these cryptic refugia is further
supported by phylogeographic studies of many plant and animal taxa (Provan and Bennett 2008).
Ancestors of the C. abditus, sensu lato phylospecies may have been isolated by changes
in climate during the Pleistocene in several such cryptic refugia. For example, the ancestor of C.
arcanus appears to have been confined to Mitchell Caverns, resulting in speciation. Jackeri,
eagari, and zuni were all found in sheltered topography of high relief, which may have served as
cryptic refugia during Pleistocene glacial periods. While many taxa are thought to have migrated
from their cryptic refugia during a climate warming event at the end of the Pleistocene and have
dispersed over a wider range (Provan and Bennett 2008), many Coleotestudo phylospecies may
still be confined to small, sheltered areas and thus remain allopatric. The cryptic refugia that
protected some Coleotestudo phylospecies from the intolerably cold climate during Pleistocene
glacial periods may now protect them from an intolerably hot and/or dry climate.
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Conclusion
The discovery of 13 independent lineages of Coleotestudo based on morphological and
molecular DNA analysis in this study necessitates the description of at least nine novel species,
as four lineages are already described. Independent lineages of Coleotestudo belong to three
major clades with wide, overlapping distributions. However, independent lineages within each
major clade were not found in the same localities, indicating that they are allopatric. C.
ventriculus, sensu lato, previously thought to be a single species (Aalbu and Andrews 1992),
contains at least three highly distinct species based on genetic distance although they appear
similar morphologically. The C. abditus, sensu lato clade contains the described species C.
abditus and C. arcanus, and at least seven undescribed species. In contrast, the C. giuliani clade
contains only the described species C. giuliani.
While some lineages are well documented from multiple localities, lineages from the C.
abditus, sensu lato clade are described from a single locality or a few localities, except for
colorado. Thus, more sampling in a greater density of sites around lineages described from a
small number of localities is necessary for a reliable estimate of their distributions. The
environmental parameters for suitable Coleotestudo habitat are only vaguely known, so sampling
along gradients of elevation, temperature, and moisture availability may serve to increase our
knowledge of the ecological needs of Coleotestudo. Several new species of Coleotestudo were
identified in this study, despite low resolution (sometimes more than 100 miles between
sampling sites). Further issues include the lack of coverage of the known range by excluding
Mexico and constraints of weather resulting in a lack of samples. Hence, there is a high
likelihood that are still many Coleotestudo species in North America that have yet to be
discovered.
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CO1 - F (Jerry)

5'- CAA CAT TTA TTT TGA TTT TTT -3'

CO1 - R (Pat)

5'- TCC AAT GCA CAT ATG TGC CAT ATT -3'

28S - F

5'- ACG CTG GGA CCC GAA AGA TGG -3'

28S - R

5'- CCA ACG CCT TTC ATG GTA TCC -3'

16S - F

5'- CGC CTG TTT AAC AAA AAC AT -3'

16S - R

5'- CCG GTC TGA ACT CAG ATC ACG T -3'

Table 1. Sequences of primers used for amplification of CO1, 28S, and 16S genes.
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Tree type

Genes used

Further information

Strict consensus parsimony

CO1, 16S, 28S

L = 1423, CI = 45, RI = 82

Maximum parsimony

CO1

L = 606, CI = 35, RI = 80

Maximum parsimony

16S

L = 409, CI = 63, RI = 89

Bayesian

CO1, 16S, 28S

Average standard deviations
of split frequencies reached
<0.01 after 340,000
generations

Bayesian

CO1

Average standard deviations
of split frequencies reached
<0.01 after 190,000
generations

Bayesian

16S

Average standard deviations
of split frequencies reached
<0.01 after 220,000
generations

Table 2. Important data on Coleotestudo tree topologies.
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Phylospecies

Tree location/consensus

Geography (USA)

california

within the C. ventriculus
clade; 100%

San Joaquin Basin and
extreme southern Great
Basin

divide

within the C. ventriculus
clade; 100%

Lower Colorado River
Basin, Arkansas River
Basin

chihuahua

within the C. ventriculus
clade; 100%

Chihuahuan desert/Rio
Grande River Basin

guiliani

sister to C. ventriculus
clade; 100%

NV/CA/UT/AZ/WY;
Great Basin, S Utah/N
Arizona

colorado

sister to all other abditus
taxa

UT/CO; Upper
Colorado River
watershed
San Juan River
watershed

simon
arkansas

Trichotomy with
microtexanum and
jackeri/canadiansis

CO; Pergatorie River
watershed

canadiansis

Sister to jackeri

CO/NM; Little
Canadian River
watershed (excluding
Bosque del Oso)

microtexanum

Trichotomy (see
arkansas)

NM/TX; Tributaries of
the Pecos River

zuni

Sister to arcanus/eageri

NM; Zuni Mountains,
E of the continental
divide

eageri

Sister to arcanus

AZ; Canyon near
Nutrioso Creek, Eager
(1 locality)

jackeri

Sister to canadiansis

AZ; Canyon 40 miles
SW of Winslow (1
locality)

arcanus

Sister to eageri

CA; Mitchell Caverns,
Providence Mountains
SP (1 locality)

Table 3. Coleotestudo phylospecies generated from Bayesian and maximum parsimony analysis
of the CO1, 16S, and 28S genes.
48

Phylospecies Average divergence SE
arkansas-2
canadiansis
microtexanum
jackeri
eagari
arcanus
zuni
colorado
simon
outgroup
chihuahua
california
divide
giuliani

1.52%
4.14%
4.51%
n/c
n/c
n/c
1.52%
6.94%
3.55%
11.66%
1.16%
5.13%
1.38%
3.87%

0.52%
0.59%
0.69%
n/c
n/c
n/c
0.49%
0.71%
0.73%
0.90%
0.27%
0.74%
0.24%
0.52%

Table 4. Estimates of average evolutionary divergence over CO1 sequence pairs within
Coleotestudo phylospecies. The number of base differences per site from averaging over all
sequence pairs within each group are shown. Standard error estimate(s) are shown in the third
column. This analysis involved 61 nucleotide sequences. All ambiguous positions were removed
for each sequence pair (pairwise deletion option). There were a total of 593 positions in the final
dataset. Evolutionary analyses were conducted in MEGA11. The presence of n/c in the results
denotes cases in which it was not possible to estimate evolutionary distances.
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ark
arkansas
canadiansis
9.6%
microtexanum 9.9%
jackeri
11.1%
eagari
10.6%
arcanus
10.8%
zuni
10.5%
colorado
9.8%
simon
11.5%
outgroup
15.6%
chihuahua
16.4%
california
16.2%
divide
17.9%
giuliani
16.7%

can
1.1%
10.0%
10.8%
11.2%
10.0%
10.2%
11.7%
11.7%
14.9%
15.7%
15.8%
16.8%
16.6%

tex
1.1%
1.0%
9.8%
10.5%
10.4%
10.9%
10.8%
10.6%
15.9%
16.8%
17.4%
17.0%
17.3%

jack

eag

1.3% 1.2%
1.2% 1.2%
1.1% 1.1%
1.3%
10.6%
9.6% 8.1%
9.3% 9.9%
11.1% 12.2%
10.5% 11.5%
14.9% 16.0%
16.4% 16.7%
17.5% 17.8%
15.8% 16.0%
16.6% 16.6%

arc

zuni

1.3%
1.1%
1.2%
1.2%
1.2%
9.7%
11.0%
10.3%
14.8%
16.6%
16.3%
14.6%
17.1%

1.2%
1.1%
1.2%
1.1%
1.2%
1.2%
12.2%
11.5%
14.2%
16.4%
17.6%
16.7%
16.4%

col
1.0%
1.0%
1.0%
1.1%
1.2%
1.1%
1.2%
9.0%
15.4%
17.1%
16.5%
16.4%
17.1%

sim

out

1.2%
1.2%
1.1%
1.2%
1.3%
1.2%
1.3%
0.9%
15.8%
17.6%
16.6%
15.8%
15.7%

1.2%
1.1%
1.2%
1.2%
1.3%
1.1%
1.1%
1.1%
1.2%

chi
1.4%
1.4%
1.4%
1.5%
1.5%
1.5%
1.5%
1.4%
1.5%
1.4%

cal
1.4%
1.4%
1.4%
1.5%
1.5%
1.5%
1.5%
1.3%
1.4%
1.2%
1.4%

div
1.5%
1.4%
1.4%
1.5%
1.5%
1.4%
1.4%
1.3%
1.4%
1.3%
1.5%
1.3%

17.4%
17.2% 15.6%
17.4% 16.3% 13.0%
18.4% 15.5% 17.1% 16.2%

giu
1.5%
1.4%
1.4%
1.4%
1.4%
1.5%
1.4%
1.4%
1.3%
1.4%
1.4%
1.5%
1.4%

Table 5. Estimates of average evolutionary divergence over CO1 sequence pairs between
Coleotestudo phylospecies. The number of base differences per site from averaging over all
sequence pairs between groups are shown. Standard error estimate(s) are shown above the
diagonal. This analysis involved 61 nucleotide sequences. All ambiguous positions were
removed for each sequence pair (pairwise deletion option). There were a total of 593 positions in
the final dataset. Evolutionary analyses were conducted in MEGA11.
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Phylospecies Average divergence SE
chihuahua
california
divide
giuliani
colorado
simon
arkansas
canadiansis
zuni
microtexanum
jackeri
arcanus
eagari

1.76%
1.56%
0.38%
2.27%
2.63%
1.48%
0.21%
0.93%
0.21%
0.63%
n/c
n/c
n/c

0.39%
0.45%
0.17%
0.45%
0.50%
0.55%
0.21%
0.30%
0.23%
0.37%
n/c
n/c
n/c

Table 6. Estimates of average evolutionary divergence over 16S sequence pairs within
Coleotestudo phylospecies. The number of base differences per site from averaging over all
sequence pairs within each group are shown. Standard error estimate(s) are shown in the third
column. This analysis involved 51 nucleotide sequences. All ambiguous positions were removed
for each sequence pair (pairwise deletion option). There were a total of 480 positions in the final
dataset. Evolutionary analyses were conducted in MEGA11. The presence of n/c in the results
denotes cases in which it was not possible to estimate evolutionary distances.
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col
colorado
simon
arkansas
canadiansis
zuni
jackeri
eagari
arcanus
microtexanum
giuliani
california
divide
chihuahua
Ptinus

sim
0.7%

ark
0.9%
1.0%

can
0.8%
0.9%
0.8%

zuni
0.8%
0.9%
0.8%
0.7%

3.7%
4.8% 5.0%
4.4% 4.9% 3.4%
4.3% 4.2% 3.0% 2.8%
4.9% 5.7% 4.3% 3.0% 3.5%
4.0% 4.6% 4.1% 3.6% 3.5%
4.4% 4.4% 2.9% 2.7% 2.0%
3.5% 4.2% 2.3% 2.2% 1.9%
13.0% 13.6% 12.7% 12.8% 13.0%
9.6% 9.1% 9.5% 10.1% 8.6%
10.4% 9.9% 10.0% 10.0% 8.9%
10.2% 9.6% 10.4% 10.6% 9.5%
15.3% 15.6% 14.9% 15.3% 14.8%

jack

eaga

0.8%
1.0%
0.9%
0.7%
0.8%
4.2%
3.4%
2.9%
12.7%
9.0%
10.1%
10.3%
14.6%

0.8%
0.9%
0.9%
0.8%
0.8%
0.9%

arca
0.8%
0.9%
0.8%
0.7%
0.6%
0.8%
0.9%

micr
0.7%
0.9%
0.7%
0.6%
0.6%
0.7%
0.7%
0.7%

3.8%
2.6% 2.2%
13.2% 12.4% 12.2%
9.5% 8.1% 8.6%
10.1% 9.3% 9.4%
10.0% 9.7% 9.6%
15.7% 15.0% 14.5%

giul
1.4%
1.5%
1.4%
1.5%
1.5%
1.5%
1.5%
1.5%
1.4%

cali
1.2%
1.2%
1.3%
1.4%
1.3%
1.3%
1.3%
1.3%
1.3%
1.5%

divi
1.3%
1.3%
1.4%
1.4%
1.3%
1.4%
1.4%
1.4%
1.4%
1.6%
1.2%

chih

Ptin

1.3%
1.3%
1.3%
1.3%
1.3%
1.3%
1.3%
1.3%
1.3%
1.4%
1.2%
1.1%

13.8%
14.7% 7.6%
12.9% 9.1% 7.3%
16.1% 16.1% 16.4% 17.0%

1.4%
1.5%
1.4%
1.5%
1.4%
1.4%
1.5%
1.4%
1.4%
1.4%
1.5%
1.5%
1.5%

Table 7. Estimates of average evolutionary divergence over 16S sequence pairs between
Coleotestudo phylospecies. The number of base differences per site from averaging over all
sequence pairs between groups are shown. Standard error estimate(s) are shown above the
diagonal. This analysis involved 51 nucleotide sequences. All ambiguous positions were
removed for each sequence pair (pairwise deletion option). There were a total of 480 positions in
the final dataset. Evolutionary analyses were conducted in MEGA11.
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Figure 1. Bayesian topology from analysis of CO1, 16S, and 28S genes. Average standard
deviations of split frequencies reached <0.01 after 340,000 generations. Scale bar indicates
expected changes per site. Bayesian clade credibility values shown at nodes.
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Figure 2. Bayesian topology from analysis of CO1 gene. Average standard deviations of split
frequencies reached <0.01 after 190,000 generations. Scale bar indicates expected changes per
site. Bayesian clade credibility values shown at nodes.

54

Figure 3. Bayesian topology from analysis of 16S gene. Average standard deviations of split
frequencies reached <0.01 after 220,000 generations. Scale bar indicates expected changes per
site. Bayesian clade credibility values shown at nodes.
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Figure 4. Maximum parsimony topology from analysis of CO1, 16S, and 28S genes. L = 1423,
CI = 45, RI = 82. Bootstrap values are shown below branches.
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Figure 5. Maximum parsimony topology from analysis of CO1 gene. L = 606, CI = 35, RI = 80.
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Figure 6. Maximum parsimony topology from analysis of 16S gene. L = 409, CI = 63, RI = 89.
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Figure 7. Map of the western and southwestern United States with localities where Coleotestudo
was collected for phylogenetic analysis as well as collections reported in Albu and Andrews
(1992). C. ventriculus, sensu lato is represented by orange squares, C. giuliani is represented by
purple circles, and species of the C. abditus, sensu lato clade are represented by green hexagons.
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Figure 8. Map of localities where specimens were collected from the Coleotestudo abditus,
sensu lato clade. Each color represents a different phylospecies indicated by the legend. Twoway arrows between localities are labeled with pairwise differences (Tajima-Nei model, Gammadistributed) between CO1 sequences acquired from individuals collected at those localities.
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Figure 9. Map of localities where specimens belonging to the C. ventriculus, sensu lato clade
were collected. Each color represents a different phylospecies indicated by the legend. Two-way
arrows between localities are labeled with pairwise differences (Tajima-Nei model, Gammadistributed) between CO1 sequences acquired from individuals collected at those localities. The
relationships between the geographically disjunct divide populations may be erroneous due to
laboratory mistakes, and thus a quality check is required to confirm the results of this study.
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Figure 10. Map of localities where specimens belonging to the C. giuliani clade were collected.
Two-way arrows between localities are labeled with pairwise differences (Tajima-Nei model,
Gamma-distributed) between CO1 sequences acquired from individuals collected at those
localities.
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Chapter 3: Four new species of spider beetle (Coleoptera: Ptinidae) of the genus
Coleotestudo from the southwestern United States

Abstract
Four new species are described for the recently described genus Coleotestudo Chambliss
and Philips. The newly described species are Coleotestudo eagari, Coleotestudo jackeri,
Coleotestudo microtexanum, and Coleotestudo taos. Species are described using a combination
of morphological and molecular genetic data except for C. taos for which only morphological
data was used. Models produced using the Generalized Mixed Coalescent Method (GMYC) with
DNA fragments for Coleotestudo show strong support of three independent lineages for species
delimitation among populations belonging to Coleotestudo ventriculus, sensu lato LeConte.
Further analysis is recommended for the delineation of cryptic species within Coleotestudo.
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Introduction
In Chapter 1, the genus Coleotestudo was described to encompass seven previously
described species (Aalbu and Andrews 1992) as well as the two new species from Mexico, C.
potosi and C. nahua (Chambliss and Philips unpublished). In Chapter 2, 13 populations that
could be considered species were identified using both molecular DNA and morphological data
from specimens collected in the Western United States. Three large monophyletic clades were
supported by molecular evidence and are referred to as the C. abditus, C. giuliani, and C.
ventriculus, sensu lato or basal clades (Chapter 2, Fig. 1). One of these monophyletic lineages
lacks molecularly distinct subclades and represents the described species C. giuliani. In contrast,
a large lineage of three molecularly distinct but morphologically indistinct or cryptic clades
include populations that fit the morphological characterization and distribution of C. ventriculus,
sensu lato. The third basal clade, C. abditus, sensu lato, includes the two described species C.
arcanus (a distinct cave endemic) and C. abditus, as well as several other either morphologically
distinct or cryptic clades. To maintain monophyly, seven of these clades are supported as
distinct and undescribed species.
Three of the phylospecies within the C. abditus, sensu lato clade (eagari, jackeri,
microtexanum), in addition to molecular genetic evidence, have unique and consistent
morphological attributes that distinguish them from all other known Coleotestudo taxa. The
remaining five phylospecies, while as genetically distinct as the other three based on molecular
evidence, have no clear consistent and distinct morphological traits that can be used to
differentiate them from the other taxa. These phylospecies, referred to as zuni, colorado, simon,
arkansas, and canadiansis, belong to the species C. abditus as described by Brown (1959)
though all phylospecies except for colorado were sampled from new localities not mentioned in
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the most recent study of Coleotestudo species (Aalbu and Andrews 1992). There is little doubt
that all these phylospecies should eventually be recognized as separate species.
Within the C. ventriculus basal clade, the phylospecies chihuahua, divide, and california
belong to the species C. ventriculus as described by LeConte (1859) and were described from
localities that cover much of the published distribution of C. ventriculus (Aalbu and Andrews
1992). The recognition and description of these lineages as cryptic species could provide a more
accurate estimate of the diversity within Coleotestudo and could help identify imperiled species
(Delić et al. 2017).
Several methods have been developed to support hypotheses on species or population
limits and one of these was utilized. The Generalized Mixed Coalescent method (GMYC;
Michonneau 2016) can be used to establish a divergence threshold for species delimitation in a
phylogenetic tree by using a likelihood model to detect significant switches between Yule
(interspecific) and coalescent (intraspecific) branching structures and analyze the timing of
divergence events (Talavera et al. 2013). In this study, GMYC is used to test whether the
phylospecies of Coleotestudo that were estimated in Chapter 2 from Bayesian and maximum
parsimony phylogenies should be delimited as independent species.
Due to both molecular and morphological distinctiveness, the phylospecies eagari,
jackeri, an microtexanum are thus described herein as new species. Another group of
Coleotestudo which was not included in the phylogenetic analysis from Chapter 2 was identified
using morphological evidence and will be described herein as the new species Coleotestudo taos.
Descriptions of the remaining five C. abditus, sensu lato clades and the three within the C.
ventriculus, sensu lato clades are delayed pending further collecting efforts. Further collection
should enhance our understanding of the distribution and historical biogeography that led to the
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isolation and genetic distinctiveness of what are hypothesized to be morphologically cryptic
clades.

Materials and Methods
This study was based on the morphological examination of approximately 850 specimens
collected between May and August 2021 from the western United States and molecular genetic
data acquired from sequencing of three different gene fragments from the CO1, 16S, and 28S
genes (see Chapter 2).
The Generalized Mixed Coalescent method (GMYC) was used to delineate species of
Coleotestudo ventriculus, sensu lato (i.e. the basal clade). A standard tutorial for running GMYC
was followed to produce a tree using the Yule model with a constant clock, a Yule model with a
relaxed clock, and a Coalescent model with constant population size and a constant clock
(Michonneau 2016).
Descriptions of new taxa were done using a more efficient, practical, and simplified
species delimitation method that emphasized diagnostic characters rather than listing all traits
that are similar in most of the species. All type specimens are currently housed in the T. Keith
Philips Collection (TKPC).
Results
Taxonomy
Coleotestudo eagari Chambliss and Philips, new species (Figs 1, 5)
Holotype sex unknown in TKPC. Type locality: Arizona, Apache County, Nutrioso Creek, N
34.7552° W 111.0642°, 7600 ft. collected using human dung baited pitfall traps near entrances of
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animal burrows in a dry canyon June 2021. Paratypes: 1. Same data as the holotype as this
species is known only from the type locality.
Diagnosis and description: Integument red-brown, translucent; length 2.33 mm. The lack of
dorsolateral carinate antennal fossae, two of rows erect short truncate setae along the midline of
the elytra, and the absence of spatulate setae on top of pronotum distinguish C. eagari from all
other Coleotestudo taxa. C. eagari most closely resembles the species C. microtexanum but can
be distinguished based on the following characteristics: more rugose anterior 1/3rd of pronotum
with less distinct punctures, slightly slenderer apical 1/3rd of metafemur, slightly larger eye,
pronotum setae longer and slenderer, two rows of truncate setae along midline of elytra, and a
less globular body shape.
Remarks: No other areas were sampled for Coleotestudo within 80 miles of type locality, thus
the range of C. eagari is largely unknown. Coleotestudo eagari is most closely related to C.
arcanus according to multi-locus Bayesian and maximum parsimony analysis (Chapter 2). C.
eagari is named after the town Eagar, AZ where the type specimens were collected
Coleotestudo jackeri Chambliss and Philips, new species (Figs 2, 5)
Holotype female in TKPC. Type locality: Arizona, Coconino County, N 34.7552° W 111.0642°,
6060 ft. Overnight baited pitfall traps near entrances of animal burrows, June 2021. Paratypes:
12. same data as the holotype as this species is known only from the type locality.
Diagnosis and description: Integument on elytra red-brown, shiny; length 3.42 mm. The lack of
dorsolateral carinate antennal fossae, elongate elytra with gently sloping apex and absence of
long setae on frontal margin of pronotum distinguishes C. jackeri from all other known
Coleotestudo taxa. C. jackeri most closely resembles the species C. nahua but can be
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distinguished based on a less truncate elytral apex, less robust metafemur, more setose pronotum,
and lack of long setae on the cephalic lip of pronotum.
Remarks: No other areas were sampled for Coleotestudo within 80 miles of type locality, thus
the range of C. jackeri is largely unknown. The phylogenic placement of Coleotestudo jackeri is
contested between Bayesian and maximum parsimony multi-locus analyses, with C jackeri most
closely related to simon and colorado according to maximum parsimony and canadiansis
according to the Bayesian analyses. C. jackeri is named after Jack’s Canyon, AZ where the type
specimens were collected.
Coleotestudo microtexanum Chambliss and Philips, new species (Figs 3, 5)
Holotype female in TKPC. Type locality: Texas, Jeff Davis County, N 30.7061° W 104.1058°,
1780 m. Overnight baited pitfall traps near entrances of animal burrows in dry canyons. Other
collection localities are New Mexico, Eddy County, N 32.2646° W 104.6681°, Anderson
Canyon, 1350 m, N 32.2646° W 104.6681°, overnight pitfall traps in rock shelters on both sides
of wide arroyo; New Mexico, Lincoln County, N 33.4033° W 105.4773°, 1800 m, overnight
pitfall traps near entrances of animal burrows in a dry steep-sided ravine. Paratypes: 0.
Description and diagnosis: Female (holotype) from Davis Mountains. Integument shiny, reddishbrown; body length 2.52 mm, especially globular relative to congenerics. The lack of
dorsolateral carinate antennal fossae, absence of spatulate setae on top of pronotum and
especially globular body shape distinguish C. microtexanum from all other known Coleotestudo
taxa. C. microtexanum most closely resembles the species C. eagari, and distinguishing
characteristics for the two species are discussed in the description of C. eagari.
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Remarks: Based on the three described localities, C. microtexanum appears to follow an SSE
distribution along the western edge of the Pecos River basin. Coleotestudo microtexanum is most
closely related to the phylospecies canadiansis and arkansas according to multi-locus maximum
parsimony analysis (Chapter 2). C. microtexanum is named after the “Little Texas” region of
New Mexico, where many of the type specimens were collected.
Coleotestudo taos Chambliss and Philips, new species (Figs 4, 5)
Holotype sex unknown in TKPC. Type locality: New Mexico, Taos County, N36.5339°
W105.7096°, 6573 ft. Overnight baited pitfall traps in rock shelters on east side of river June
2021. Paratypes: 2. Same data as the holotype as this species is known only from the type
locality.
Diagnosis and description: The lack of dorsolateral carinate fossae, absence of spatulate setae on
to of pronotum, and relatively dense short curved suberect setae covering elytra (Fig. 5), and
total lack of truncate setae on the elytra distinguishes C. taos from all other known Coleotestudo
taxa.
Remarks: C. taos was found sympatric with C. canadiansis. No other areas were sampled for
Coleotestudo within 80 miles of type locality, thus the range of C. taos is largely unknown. The
description of C. taos is solely based on morphology as no individuals of the species received
phylogenetic analysis. C. taos is named after the Taos Pueblo near which the type specimens
were collected.
GMYC Models
The trees produced using the Yule model with a constant clock (Fig. 6) and the
Coalescent model with a constant clock (Fig. 7) express the same relationships between species
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and give the same estimated probabilities for species delimitation. The phylospecies C. giuliani,
california, divide, and chihuahua, hypothesized in Chapter 2, received the greatest support for
species delimitation out of all reported nodes from the trees produced using constant clock
models (figs. 6, 7), with estimated probabilities of species delimitation above 0.55 except for
california (0.34). The topology from GMYC analysis using a Yule model with a relative clock
(Fig. 8) shows greatest support for species delimitation of the phylospecies divide and
chihuahua, though the probability estimates are low (chihuahua, 0.47; divide, 0.29). Neither C.
giuliani nor california receive greatest support for species delimitation, with more recently
formed clades receiving greater probability estimates. GMYC analysis was used for species
delimitation estimates of phylospecies of the C. abditus major clade from Chapter 2. However,
the results were inconclusive likely due to lack of data and are therefore not included in this
report.

Discussion
The three phylospecies (california, divide, and chihuahua) within the C. ventriculus,
sensu lato clade received high support for species delimitation from the GMYC analysis. While
GMYC is reliable under a wide array of circumstances, previous studies using known species
showed that a significant percentage of species were wrongly delimited (Dellicour and Flot
2018; Talavera et al. 2013) and thus the phylospecies should not be elevated to species status
based on GMYC analysis alone. While the GMYC analysis of C. abditus, sensu lato was
inconclusive in this study (results excluded herein), it may be useful in the future for species
delimitation with the addition of more sequenced individuals and populations.
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The identification of cryptic species is important because it presents a more complete
picture of overall biodiversity and better informs conservation efforts (Delić et al. 2017).
However, most cryptic species remain undescribed because the means to describe them using
genetic sequencing data are relatively young and have not been applied to many taxonomic
groups. In some cases, cryptic species are more evolutionarily divergent than species described
based on morphology, as demonstrated through molecular analysis. Hence a wide variety of
analytical methods have been devised for species delimitation using molecular DNA, though
there is still no consensus among taxonomists for standard requirements of species description
(Luo et al. 2018).
Several morphologically indistinguishable phylospecies of Coleotestudo revealed as
genetically distinct by molecular analysis (Chapter 2) are more evolutionarily divergent from
congeneric species than the morphologically unique species described in this study, and thus the
genus remains taxonomically incomplete without the description of cryptic species. Furthermore,
the description of these phylospecies as cryptic species is necessary to maintain phylogenic
monophyly of the morphologically unique species described in this study. Recognition of cryptic
species within Coleotestudo will also better show the range sizes, geographic barriers,
evolutionary distinctiveness, and species richness of the genus.
There are likely to be several more undescribed species of Coleotestudo in arid and semiarid regions of North America then recognized in this thesis (see chapter 2) as only a small
portion of the estimated distribution for the genus was sampled in this study. While populations
included in Chapter 2 were sampled across a wide area composed of much of the southwestern
and western United States, three of the four new species described in this study were collected
from a relatively small region in northeast Arizona and northwest New Mexico. Thus, it is
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possible that the unique local geography of this region played a key role in restricting gene flow,
leading to speciation.
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Figure 1. Coleotestudo eageri habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of head.
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Figure 2. Coleotestudo jackeri habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of
head.
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Figure 3. Coleotestudo microtexanum habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front
of head.
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Figure 4. Coleotestudo taos habitus views; A, Dorsal; B, Ventral; C, Lateral; D, Front of head.
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Figure 5. Coleotestudo oblique view of elytral apex to showcase setae: A, C. microtexanum; B,
C. jackeri; C, C. eagari; D, C. taos
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Figure 6. Topology from GMYC analysis of concatenated sequences (genes CO1, 16S, 28S)
from Coleotestudo giuliani (top: 0.56 support), C. ventriculus populations (middle and bottom:
0.34, 0.56, 0.62 support), and a single example of C. abditus, sensu lato (Simon Canyon, NM)
using the Yule model with a constant clock. Nodes are labeled with the estimated probability that
the descendent group is a monophyletic species.
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Figure 7. Topology from GMYC analysis of concatenated sequences (genes CO1, 16S, 28S)
from Coleotestudo giuliani (top: 0.56 support), C. ventriculus populations (middle and bottom:
0.34, 0.56, 0.62 support), and a single example of C. abditus, sensu lato (Simon Canyon, NM)
using the Coalescent model with constant population size and a constant clock. Nodes are
labeled with the estimated probability that the descendent group is a monophyletic species.
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Figure 8. Topology from GMYC analysis of concatenated sequences (genes CO1, 16S, 28S)
from Coleotestudo giuliani (top: 0.19 support), C. ventriculus populations (middle and bottom:
0.21, 0.29, 0.47 support), and a single example of C. abditus, sensu lato (Simon Canyon, NM)
using the Yule model with a relative clock. Nodes are labeled with the estimated probability that
the descendent group is a monophyletic species.
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APPENDIX 1: Phylogeography using Ecological Niche Modeling on Coleotestudo (Ptinidae)

Abstract
We used ecological niche modeling (ENM) to estimate distribution patterns of
Coleotestudo taxa during the Last Glacial Maximum (21 Ka) and the late Pliocene (3.2 Ma)
based on paleoclimatic data, revealing possible avenues for speciation and diversification within
the genus. The historical distribution of the currently sympatric Coleotestudo giuliani and C.
ventriculus, sensu lato we estimated by ENM shows the isolation of each species to different
desert glacial refugia during the Pleistocene and late Pliocene. The failure of ENM to estimate a
reasonable historical range for C. abditus, sensu lato as well as the diversification of the C.
abdtus species into eight genetically distinct lineages may be linked to the species’ disjunct
distribution among isolated cryptic glacial refugia such as caves and deep, narrow canyons.
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Introduction
The diversification of western North American desert biota has been well-studied for a
variety of vertebrate and invertebrate taxa, and the diversification of Coleotestudo may follow
some general trends. Animal diversification in the Nearctic warm and cold deserts has been
closely associated with the fragmentation of an ancestral arid region by the late Neogene uplift of
the Colorado Plateau, Rocky Mountains, and the Sierra Madre Occidental (Riddle and Hafner
2006, Wilson and Pitts 2010). Population dynamics of desert species may be associated with the
more recent formation of desert refugia during Pleistocene glaciation events (Wilson and Pitts
2010a, 2012).
Wilson and Pitts (2010, 2012) investigated the diversification of Nearctic
Sphaeropthalminae velvet ants (Hymenoptera: Mutillidae) and constructed phylogenies using
molecular, morphological, and geographic distribution data. These phylogenies were compared
with paleoclimate data and maps estimating the historical distribution of Sphaeropthalminae
species were produced using ecological niche modelling. Based on these maps, Wilson and Pitts
(2010, 2012) attributed most of the species-level diversity to events associated with late Neogene
uplift and population-level diversity to Pleistocene desert refugia. By applying ecological niche
modeling to the distribution and phylogeny of Coleotestudo presented in Chapter 2, a better
understanding of the genus’ evolutionary history may be obtained.

Materials and methods
Ecological niche analysis
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Ecological niche models were developed for the species C. abditus, sensu lato, C.
giuliani, and C. ventriculus, sensu lato to predict the possible range of these species based on 19
bioclimatic variables derived from monthly temperature and rainfall values (worldclim.org;
Table 1). Occurrence data was used based on the specimens collected as part of this study
(Chapter 2) and from Aalbu and Andrews (1992). Models were developed for each species for
current climate conditions and projected onto current climate maps from WorldClim 2 (Fick and
Hijmans 2017) and paleoclimate data maps for the Last Glacial Maximum (ca. 21 ka), v1.2b,
NCAR CCSM4 and the Pliocene: M2 (ca. 3.3 Ma) cooling period. Ecological niche models were
generated using MAXENT 3.3.1 (Philips et al. 2004) with the default parameters following
Phillips (2009).

Results
Ecological Niche Models
ENMs were generated for each of the three basal clades of Coleotestudo using modern
distribution maps and were projected onto maps of the western United States using climate
variable estimates for the last glacial maximum (LGM; ca. 21 ka)) and the late Pliocene glacial
event MIS M2 (ca. 3.3 Ma; Figures 1-3). Estimates of isolated populations for C. giuliani and C.
ventriculus, sensu lato are indicated. Jackknife analyses estimate the amount of correlation
between variables and the range of Coleotestudo species as well as the importance of each
variable in the creation of the ENM (Figures 1-3, B).
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Discussion
The projection shown in Figure 1 predicts a mostly continuous distribution for C.
ventriculus, sensu lato with no obvious geographic barriers reflected from climatic variables.
Figure 2 shows two disjunct groups of C. giuliani aligned with collection localities and predicts
one other isolated group based on climate data. Unfortunately, no molecular data was collected
for the group on the right side of the figure, so the hypothesis that these are two isolated groups
could not be tested in this study. Figure 3 shows a mostly continuous predicted distribution for C.
abditus, sensu lato with a few isolated groups along the edges of the main distribution; however,
this continuous distribution is not reflected in the extensively disjunct C. abditus, sensu lato
phylogeny (Fig. 1). This may be attributed to the emission of microhabitat data for caves, box
canyons, and other small topographic features that could provide pockets of suitable habitat.
While the ecological niche map prediction for current climate conditions for the
distribution of C. ventriculus, sensu lato is a mostly continuous, distribution predictions for the
last glacial maximum (21 Ka; Fig. 4C) and the late Pliocene (3.2 Ma; Fig. 4D) produce a much
more disjunct distribution with many distinct pockets of suitable climate. If these climate models
reflect the true history of C. ventriculus, either scenario could have led to the diversification of
C. ventriculus, sensu lato into the three phylospecies (california, divide, and chihuahua). If
Figure 4A is truly indicative of the current distribution of C. ventriculus, sensu lato, divisions
between phylospecies would be inadequately explained by geographic barriers; instead,
reproductive isolation may have caused divergence to such an extent that the phylospecies can no
longer interbreed, and thus should be described as different cryptic species.
Since phylogenetic analysis yielded no distinct groups within C. giuliani, the next
divergence event to consider is that of the split between the three major clades C. giulilani, C.
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ventriculus, sensu lato, and C. abditus, sensu lato. The projection for the LGM with C.
ventriculus, sensu lato closely resembles warm desert glacial refugia identified by Wilson and
Pitts (2012) (Fig. 4C). While the estimated LGM for C. giuliani contain two predicted historical
groups that overlap C. ventriculus, sensu lato (Fig. 5C: circles 1 and 5), three groups of C.
giuliani (2, 3, and 4) occupy Utah and Wyoming and are disjunct from any contemporary C.
ventriculus, sensu lato populations. Two C. giuliani groups during the LGM align with estimated
cold desert refugia from Wilson and Pitts (2012): the Bonneville Refugium (group 2) and the
Colorado Plateau refugium (group 3). The C. giuliani LGM group 4 (Fig. 5C) covers much of
Wyoming and does not align with any desert glacial refugia. C. giuliani LGM groups 2, 3, and 4
align closely with the same numbered groups from MIS M2. If the historic range of C. giuliani is
confined to one or more of the groups 2, 3, and 4 in either the LGM or MIS M2, C. giuliani
would remain isolated from all estimated C. ventriculus populations, leading to a speciation
event.
Projections of the ENM for C. abidtus, sensu lato in both the LGM and the MIS M2
show distributions that are extremely sparse, with poorly resolved groups and long, snaking areas
of suitable habitat (Fig. 6 C, D). These estimated distributions do not align with the current
distribution of C. abditus, sensu lato phylospecies, nor our hypotheses of speciation via isolation
in sky island and sheltered canyon habitats. Caves, deep canyons, and other sheltered habitats
likely served as refugia for organisms not adapted to glacial conditions during the Pleistocene in
northerly regions (Stewart and Lister 2001, Stewart et al. 2010). Three species of Coleotestudo
have been described from cave habitats: C. arcanus, C. abstrusus, and C. absconditus.
Furthermore, cave systems and rock shelters serve as prime habitat more other Coleotestudo
species, though they are not cave specific. Range limitation of C. abidus to glacial refugia such
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as caves and deep canyons may therefore be a better explanation of its current distribution and
diversity than ENMs based on surrounding climate data.

Future Research
The projection of ECMs onto current climate maps (Figs. 1-3) reveal areas that share a
similar climate to areas where Coleotestudo species are known to reside; thus, these locations
would be a prime target for further sampling which could lead to a greater understanding of the
current and historic range of Coleotestudo species as well as the discovery of new spider beetle
taxa. Failure to collect Coleotestudo from much of its formerly documented range (Aalbu and
Andrews 1992) could relate to environmental changes such as climate change, expanding urban
and agricultural development, and the diversion of water resources. Thus, studying the impacts
of environmental change on spider beetles in the Southwest United States could provide further
knowledge on how anthropogenic factors are affecting local fauna.
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BIO1 = Annual Mean Temperature
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (×100)
BIO4 = Temperature Seasonality (standard deviation ×100)
BIO5 = Max Temperature of Warmest Month
BIO6 = Min Temperature of Coldest Month
BIO7 = Temperature Annual Range (BIO5-BIO6)
BIO8 = Mean Temperature of Wettest Quarter
BIO9 = Mean Temperature of Driest Quarter
BIO10 = Mean Temperature of Warmest Quarter
BIO11 = Mean Temperature of Coldest Quarter
BIO12 = Annual Precipitation
BIO13 = Precipitation of Wettest Month
BIO14 = Precipitation of Driest Month
BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter
BIO17 = Precipitation of Driest Quarter
BIO18 = Precipitation of Warmest Quarter
BIO19 = Precipitation of Coldest Quarter

Table 1. Climate variables used in the creation of ecological niche models.
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Figure 1. Ecological niche model projected onto current climate map for Coleotestudo
ventriculus, sensu lato. The areas shaded red represent the most suitable habitat for the species,
with the most vibrant red being the most suitable, yellow is second most suitable, green is third,
and blue is the least suitable. Collection localities used in the creation of the ENM are marked
with white squares.
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Figure 2. Ecological niche model projected onto current climate map for Coleotestudo giuliani,
sensu lato. The areas shaded red represent the most suitable habitat for the species, with the most
vibrant red being the most suitable, yellow is second most suitable, green is third, and blue is the
least suitable. Collection localities used in the creation of the ENM are marked with white
squares.
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Figure 3. Ecological niche model projected onto current climate map for Coleotestudo abditus,
sensu lato. The areas shaded red represent the most suitable habitat for the species, with the most
vibrant red being the most suitable, yellow is second most suitable, green is third, and blue is the
least suitable. Collection localities used in the creation of the ENM are marked with white
squares.

96

Figure 4. Ecological niche models for Coleotestudo ventriculus, sensu lato. The areas shaded red
represent the most suitable habitat for the species, with the most vibrant red being the most
suitable, yellow is second most suitable, green is third, and brown is the least suitable. Potential
historically isolated groups are circled in blue. In B, the dark blue bars represent the amount of
correlation between variables and the range of Coleotestudo ventriculus, sensu lato as well as the
importance of each variable in the creation of the ECM.
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Figure 5. Ecological niche models for Coleotestudo giuliani. The areas shaded red represent the
most suitable habitat for the species, with the most vibrant red being the most suitable, yellow is
second most suitable, green is third, and brown is the least suitable. Potential historically isolated
groups are circled in blue. In B, the dark blue bars represent the amount of correlation between
variables and the range of Coleotestudo giuliani as well as the importance of each variable in the
creation of the ECM.
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Figure 6. Ecological niche models for Coleotestudo abditus. The areas shaded red represent the
most suitable habitat for the species, with the most vibrant red being the most suitable, yellow is
second most suitable, green is third, and brown is the least suitable. Potential historically isolated
groups are circled in blue. In B, the dark blue bars represent the amount of correlation between
variables and the range of Coleotestudo abditus, sensu latoas well as the importance of each
variable in the creation of the ECM.
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